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HUMAN SKIN WINDOW STUDIES
II. COMPARISON OF CELLULAR RESPONSE TO STAPHYLOCOCCUS IN CONTROLS
AND IN PATIENTS WITH CUTANEOUS BACTERIAL INFECTIONS*
FUNAN HU, M.D., R. PERSHING FOSNAUGH, M.D. AND CLARENCE S. LIVINGOOD, M.D.
The human skin window technic was de-
vised by Rebuck and Crowley (1) to study cellular
response following the application of various
substances to a denuded site of the skin. Rebuck
and his collaborators (2—7) have used this in-
vestigative tool in the study of patients with
ulcerative colitis, interstitial cystitis and other
diseases. Rebuck and LoGrippo (5), in window
experiments with poliomyelitis antigen, reported
that subjects with elevated serum neutralizing
antibody titer to the antigen had a mononuclear
cellular response, in contrast to the absence of
such responses in volunteer control subjects who
had not been immunized with poliomyelitis vac-
cine.
In 1961, at a meeting of this society, we re-
ported the results of skin window experiments
which were designed to study the inflammatory
response to the contact allergen, Rhus oleoresin
(9). The cellular pattern in subjects with positive
patch tests to Rhus was compared with the re-
sponse in volurteers who had negative patch
tests to Rhus. In the subjects with positive patch
tests, the response was characterized by a marked
increase in eosinophils, large multinucleated
giant cells, and an increase in lymphocytes.
In our early skin window experiments, it was
noted that bacterial contamination of the win-
dows seemed to modify the cellular pattern in a
significant manner. Since then, we have em-
phasized the investigation of the effects of whole
cell suspensions of bacteria and bacterial prod-
ncts in the skin windows of individuals with and
without cutaneous bacterial infections. The
purpose of this report is to describe the cellular
patterns which have been observed with sus-
pensions of staphylococci and a purified poly-
saccharidc antigen prepared from the same strain
of staphylococci and finally to discuss the possible
significance of these findings.
* From the Department of Dermatology, Henry
Ford Hospital, Detroit, Michigan.
This project was supported by U. S. Army
Contract DA-49-193-MD 2183.
Presented at the Twenty-fourth Annual Meet-
ing of The Society for Investigative Dermatology,
Inc., Atlantic City, N. J., June 19, 1963.
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MATERIALS AND METHODS
The details of the human skin window technic
have been described in previous publications (1,
9). Briefly, it involves the abrasion of a small area
of skin so as to expose the papillary loops of the
vasculature of the corium. A drop of the test sub-
stance is applied to the denuded site, the area is
covered with a small coverglass and a piece of
cardboard of the same size, which are held in
place by a square of porous surgical tape. The
coverglass is changed at designated time intervals
of 6 hours, 9 hours, 12 hours, 24 hours, 30 hours,
36 hours, 48 hours and 60 hours, and finally re-
moved at the end of 72 hours. These coverglasses
are air-dried, fixed in methyl alcohol and stained
with May-Gruenwald and Giemsa reagents. Then,
the specimens are mounted on the slide for cyto-
logical examination.
Our experimental subjects included the follow-
ing groups:
I. Normal controls
II. Patients with recurrent furunculosis or
impetiginized chronic dermatitis
III. Individuals with various dermatoses of
non-bacterial etiology
A total of seventy-six persons were included in
this study; one-hundred and fifty-five experiments
were done. Their various diagnoses are listed in
Table I.
The whole cell suspension of living staphylo-
cocci* was prepared from an 18 hour culture in
Pen-Assay broth; dilutions were made in normal
saline so that there were approximately 300 or-
ganisms per 0.01 ml of the suspension which was
the standard inoculum used in all windows. The
suspension of the killed bacteria was prepared
from an 18 hour culture of the same strain of
staphylococci in trypticase-soy broth. The or-
ganisms were treated with 0.35% tricresol. The
suspension contained approximately 1011 to 1016
organisms per ml.
The purified somatic polysaccharide antigen(SPA) was prepared from the same strain of staph-
ylococci by Dr. Myron Fisher and his associates
in the Parke Davis Research Laboratories.
The cellular responses following the application
of the bacterial suspensions and the staphylococ-
cal polysaccharide antigen in the control subjects,
and in patients with recurrent furunculosis or
with other dermatoses, were studied and com-
pared. The specimens were examined for the ap-
* A special strain of staphylococci selected on
the basis of its capacity to induce high mouse
protection antibody titers in animals and man;
supplied by Parke Davis Laboratories.
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TABLE I
Di gnosis and number of patients
used in this study
:nos1s Number Number of
Furunculosis 28 56
Normal 7 38
Acne 2 2
Alopecia 1 1
Atopic dermatitis 9 15
Dermatitis herpetiformis 1 2
Eczema herpeticum 1 1
Nummular eczema 6 9
Hid radenitis 1 1
Lymphosarcoma 2 3
Paronychia 1 2
Pemphigoid 1 2
Perifolliculitis 1 1
Psoriasis 4 7
Hosacea 1 1
Ulcer, leg 1 1
Ulcerative colitis 5 8
Urticaria 4 5
Total 76 155
proximate amount of cellular exudate, the various
cell types, the presence or absence of degenerative
changes in these cells, etc. A differential count of
the peripheral blood was done before and at the
end of the application of each of the skin windows.
When the killed suspensions of staphylococci
and the SPA were used in the windows, systemic
antibiotic therapy was administered to the sub-jects in order to prevent secondary bacterial
contamination. A bacterial culture was taken from
the window site at the end of each experiment
when the last coverglass was removed to check
for the presence of the inoculated organisms (live
suspensions of staphylococci) and to make certain
that the windows had not been contaminated by
other bacteria. Under the latter circumstances, the
experiment was not considered a valid one.
RESULTS
I. Corn parison of Cellular Responses in Individuals
Susceptible to Staphylococcal Infections and in
Normol Controls Relatively Resistant to Such
Infections, Using Living PD Strain of Staphy-
lococcus in the Windows
This included a total of fifty-one patients,
among whom there were eighteen with the diag-
nosis of recurrent furuneulosis, eight normal
controls, and twenty-three with various diag-
noses as listed in Table II.
In the initial windows there was an increase
in the number cf basophils, eosinophils or both
basophils and eosinophils in fifteen of the eighteen
patients with furunculosis and in eighteen of
twenty-three patients with miscellaneous derma-
toses. Since there were only a few (one to four
eases) in each disease entity in the miscellaneous
group, it is not possible to attach any significance
to the individual diagnostic categories. There was
an increase of basophils with or without an in-
crease of eosinophils in all of the four subjects
with atopie dermatitis. In three cases of urticaria,
one had an increase in both basophils and eosino-
phils and two had an increase only in eosinophils.
The twenty-three patients with miscellaneous
diagnoses may be subdivided into two groups:
(1) patients with "open" skin lesions and (2) pa-
tients without "open" skin lesions (Table II).
In seventeen patients with "open" skin lesions,
fourteen were found to have increased numbers of
basophils and/or eosinophils in their skin win-
dows when living staphylococci were inoculated.
In six patients with no "open" skin lesions, four
had an increase in hasophils and/or eosinophils;
three of the six patients had urticaria. As noted
previously, in all three cases of urticaria there
was an increase of basophils and/or eosinophils;
in these patients the response was characterized
by an increase in basophils and/or eosinophils in
the early (6—12 hour) stage of the experiment
rather than in the 24—48 hour stage. Because of
the distinctive time factor in the response of the
patients with urticaria, it seems preferable to
place these three cases in a separate category.
In the normal control group which consisted
of only eight individuals, four had an increase of
basophils and/or eosinophils.
The cellular response in the windows with live
suspensions of staphylococci as the inoculum
was characterized by a high percentage of poly-
morphonuelear leukoeytes at all hours. The re-
action pattern in most of the patients with
furunculosis and "open" skin lesions is sum-
marized in Table III. Usually, the number of
basophils and eosinophils was highest in the 24—
48 hour period (Figs. 1, 3, 4).
II. Suspensions of Killed Staphylococci, PD Strain
os the Inoculurn in the Skin Windows
The cellular response to the suspensions of
killed staphylococci resembled that to the living
organisms. A paired comparison was made using
the living and killed organism as the inoeula in
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TABLE II
Basophil-ic and/or eosinophilic responses in the initial living staphylococcus windows
Increase in
B&E Increase inB Increase inE
two individuals who showed definite basophilic
and eosinophilis response to the living bacteria.
It was found that their responses to the killed
organism were similar to that elicited by the
living cocci, i.e. increase of basophils and eosino-
phils. However, there were some differences,
namely (1) the granulocytic response including
the neutrophils, basophils and especially eosino-
phils was more marked in the early hours, i.e.
6—12 hour period, and tended to diminish in
intensity in the 24—48 hour period, and (2) the
mononuclear response was increased slightly in
the 24—48 hour period. During the late hours of
the experiment, the organisms were still seen in
the exudate although the number was decreased
following frequent change of coverglasses in the
course of the experiment. This was in contrast
to the experiments with live suspension; multi-
plication of the bacteria resulted in a larger
number of organisms during the later hours.
III. Staphylococcal Purified Antigen (SPA)
The cellular response in the initial SPA win-
dows in various groups of experimental subjects
is shown in Table IV. The cellular response in
the SPA windows was characterized by a pre-
dominant number of mononuclear cells at the
end of 24 hours and thereafter during the 72
Diagnosis
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TotalNo Increase
Furunculosis 9 3 3 3 18
17
1
4
1
1
3
1
1
3
1
1
Patients with "open" skin lesions
Acne
Atopic dermatitis
Dermatitis herpetiformis
Eczema herpeticum
Nummular eczema
Pemphigoid
Perifolliculitis
Psoriasis
Paronychia
Ulcer, leg
2
1
2
1
1
2
1
1
1
2
1
1
1
Patients without "open" skin lesions
Alopecia
Lymphosarcoma
Ulcerative colitis
IJrticaria
1
1 2
1
1
6
1
1
1
3
Control 3 1 4 8
B—basophils; E—eosinophuls.
TABLE III
The cellular response to living staphylococci in pyogen-susceptible individuals
Hour Aoutof Predominant cell Type Basophils Eosinophils Degeneration of cocci
6—12
24—48
60—72
Moderate to
marked
Marked
Marked
Neutrophils (70—
80%)
Neutrophils (more
than 50%)
Neutrophils (more
than 50%)
Rare
Increase
Increase
Rare
Increase
Increase
Slight
Moderate
Marked
Small
number
Moderate to
many
Many
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Neutrophils (70—80%)
Mononuclears (70—80%)
Mononuclears (more than 80%)
hour period. These results were noted in normal
controls and in the groups of patients with
furunculosis and other dermatoses; there was no
significant difference in response in these three
groups of subjects.
The reaction pattern is summarized in Table V.
The typical mononuclear exudate in the SPA
windows at 24 and 36 hours respectively is
illustrated in figures 2 and 5. it is apparent that
there is a marked difference between the cellular
response to the whole organisms, living nnd killed,
and to the purified polysaccharide antigen pre-
pared from the same strain of staphylococci.
The mononuclear cells seen at 24—48 hours
may be classified as macrophages. They were
large with abundant cytoplasm. The cytoplasm
appeared vacuolated and often contained ingested
melanin granules (Fig. 5) and metachromatic
granules (Fig. 6). The amount of metachromatic
granules or materials varied in different individ-
uals.
DIscussioN
Our data indicate that the introduction of
living staphylococci in skin windows results in a
cellular exudate characterized by an increase in
the number of basophils, and/or eosinophils in
fifteen of eighteen patients with furunculosis or a
recent history of furunculosis.
When the skin of eight normal individuals who
had no skin lesions or furuncles wa exposed to
the same suspension of living staphylococci in
the skin windows, only four showed an increase
in the number of eosinophils and/or basophils.
In a group of patients with miscellaneous
dermatoses characterized by open skin lesions of
TABLE iV
Cellular responses in the initial SPA windows
Diagnosis 1mn ° in No Increase Total
Forunculosis 2 2 14 18
Patient "open" skin lesions
Acne
Atopic dermatitis
Dermatitis
Nummular eczema
Hidradenitis
Psoriasis
Rosacea
1
1
1
5
2
1
3
1
15
1
1
6
2
1
3
1
Patients without "open skin lesions
Alopecia
Lymphocarcoma
TJlcerativc colitis
Urticaria
2
1
1
3
1
8
1
1
5
1
Control 3 3
B—basophils; E—eosinophils.
TABLE V
The cellular response to SPA in skin windows
Hour Amount of Exudate Predominant Cell Type as- Eoo- Degnrion Cocci
6—12
24—48
60—72
Moderate
Moderate to marked
Moderate
Rare
Rare
Rare
Rare
Rare
Rare
Slight None
Moderate None
Moderate None
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Fios. 1 AND 2. Comparison of cellular responses to living staphylococci and SPA in a pyogen-suscepti-
ble individual. 24 hour sampling. May-Gruenwald-Giemsa stain. Magnification 480 X.
Fru. 1. Cellular response to living staphylococci. Note many basophils (arrows).
FIG. 2. Cellular response to SPA. Note the predominance of mononuclear cells.
varying extent, an increase in basophils and/or
eosinophils occurred under similar circumstances
in fourteen of seventeen patients studied.
In another small group, which consisted of pa-
tients with no "open" skin lesions, only one of
the three showed an increased number of baso-
phils and eosinophils.
In three patients with urticaria, there was an
increase in eosinophils and also in one patient
there was an increase in basophils. The reaction
in these three individuals was unique in that the
basophilic and/or eosinophilic response occurred
early in the 6—12 hour stage in contrast to the
usual occurrence of the pattern in other subjects
during the 24—48 hour period of the experiment.
There was a higher incidence of increased
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Fios. 3 AND 4. Cellular response to living staphylococci in patients with furunculosis. 24 hour sampling.
May-Gruenwald-Giemsa stain. Magnification 480 X.
FIG. 3. Note eosinophils (arrows).
Fjo. 4. Note basophils (arrows). Most of the basophils are degranulated.
basophilic and eosinophilic response to living
staphylococci in patients with furunculosis and
"open" skin lesions. This cellular pattern was
seen in a smaller percentage of control subjects
and patients with no open skin lesions.
In contrast, when the purified polysaccharide
antigen prepared from the same strain of staphy-
lococci (SPA) was used as the test agent in the
skin window a basophilic and/or eosinophilic
response was noted in very few experiments. The
subjects included patients with furunculosis,
miscellaneous dermatoses and normal controls;
the cellular pattern was similar among these
various groups.
Therefore, it appears that the active agent
which is responsible for the induction of basophilic
and/or cosinophilic response in the cellular
exudate is not! the polysaccharide portion of the
organism.
There was a significant difference in the time
Is.,be,
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FIGS. 5 AND 6. Cellular response to SPA. May-Gruenwald-Giemsa stain.
FIG. 5. Mononuclear response to SPA in a control subject. Note macrophages with large amount of
phagocytized melanin granules (m). There is also an eosinophil in the field (e). 36 hour sampling. Magnifi-
cation 1200 X.
FIG. 6. 60 hour sampling to SPA in a furunculosis patient. Note macrophages with metachromatic
granules (arrows.) Magnification 480 X.
of appearance of the basophilic and/or eosino-
philic response when the windows containing live
and killed organisms were compared. When the
killed organism was used, the basophils and
especially the eosinophils first increased during
the 6—12 hour period and tended to decrease
gradually as more coverglasses were applied and
the experiment was continued to the 24—48 hour
stage. Identical cellular responses occurred in the
same individuals with living staphylococci in the
windows, but a significant increase in their num-
bers did not become evident until the 24—48
hour stage. The difference in the hour of response
may be simply interpreted by the difference in
concentration of the inocula used. In the case of
the killed organism a much more concentrated
suspension was introduced into the window at the
beginning, while only a small number (i.e. ap-
proximately 300) of the living staphylococci was
used. Probably the delay represents the time
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required for the organism to multiply to a certain
number or to produce enough bacterial product
to elicit a significant cellular response.
The metachromatic granules or materials in
the macrophages in the SPA windows probably
represent phagocytized portions of the poiy-
saccharide antigen introduced into the lesion.
Whether they were engulfed simply as a foreign
material by the macrophages in the act of per-
forming their normal function, or were engulfed
for a specific purpose is not known.
Rebuck, Priest, Bohne and their associates
(4—7) noted the basophilic granulocytic reaction
in patients with ulcerative colitis and interstitial
cystitis respectively when diphtheria toxoid was
introduced into the skin windows. They reported
that these reactions occur in patients irrespective
of a positive or negative Schick skin test. It was
proposed by Rebuck and his collaborators that,
in the pathogenesis of ulcerative colitis and
interstitial cystitis, a new type of hypersensitivity
is operative. It has been our experience that with
diphtheria toxoid in skin windows, an increase of
basophils and/or eosinophils occurs in a much
higher percentage of individuals who have a
positive intradermal skin test to the dilute
diphtheria toxoid (Moloney test) but not neces-
sarily correlated with the Schick skin test for
diphtheria (10). Since a positive Moloney test
indicates a hypersensitive reaction to the test
substance, an abnormal response in the form of
basophilic and/or eosinophilic leukocytic migra-
tion to the inflammatory site when diphtheria
toxoid is introduced may be considered as an
expression of an allergic reaction.
It has been shown that in some experimental
animals the number of basophils can be greatly
increased by the administration of various anti-
gens. The early investigative work on experi-
mentally produced basophilic leukocytosis has
been reviewed by Michels (11). One of the first
papers on this subject was that of Levaditi (12)
who demonstrated basophil leukocytosis in rab-
bits after a single subcutaneous injection of
staphylococcus toxin and after repeated intra-
peritoneal injections of other bacterial toxins of
both rabbits and guinea pigs. Ringoen (13) ob-
served local basophilia and increase of basophils
in the bone marrow of guinea pigs after injection
of egg white. Also, local basophilia in rabbits and
guinea pigs was noted by Plimpton (14) after
ventriculin injections. Winqvist (15) systemat-
ically studied the reactions of basophils in an
experimental allergic condition and determined
their number in guinea pigs during daily injec-
tions of horse plasma. Chan and Yoffey (16)
studied in detail the basophil increase in guinea
pig bone marrow after sensitization to horse
serum. Shelley, Juhlin and co-workers (17—21)
have reported degranulation of basophilic leuko-
cytes in subjects with anaphylactic sensitivity.
Also, the role of eosinophils in the hypersensi-
tivity reactions has been described. Schlecht (22)
found an increase of eosinophils and basophils in
guinea pigs after serum injections. The two cell
types, according to the author, could increase
independently or at the same time. In human
urticaria, Rorsman (23) has shown a decrease in
the number of basophils in many cases of urti-
caria. There was, however, an abundance of
eosinophils in the infiltrate of as many as nine of
fifteen cases of urticaria when the urticarial wheal
was examined histologically. Basophils were
present to a small extent in three cases of fifteen
studied; they were not found in the normal skin
of a single patient. Our observation in the three
cases of urticaria in the living staphylococcal
windows appears to support his findings.
Employing the human skin window technic,
ilu, Fosnaugh, Bryan and Jacks (9) reported an
increase in the number of eosinophils in the
cellular exudate of individuals who had an allergic
contact sensitization reaction to Rhus oleoresin.
Eidinger, Raff and Rose (24), using the same
technic observed large numbers of eosinophils
(as early as 4 hours) in patients who had strongly
positive immediate intradermal reactions to
either fish extract, grass or ragweed when the
patients' specific allergens were introduced in the
window.
Litt (25) demonstrated that antibody, in as-
sociation with antigen, initiates the aggregation of
eosinophils which is supported by the work of
Cohen et al. (26). The latter authors produced
experimental eosinophilia in the popliteal lymph
nodes following the administration of antigen
and anti-serum into the hind foot pad of rabbits.
The eosinophilia was maximal when the antibody
was given 30 minutes after the injection of the
antigen. Simultaneous administration of antigen
and antibody markedly reduced the eosinophilia
while the injection of preformed immune pre-
cipitates and soluble complexes prepared in
antigen excess produced no eosinophilia. These
results implicated sensitization of the tissue with
specific foreign protein followed by antigen-
antibody interaction as a prerequisite for eosino-
philia.
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Using tritiated toxin, it was shown by Speirs
(27) that the migration of the labelled cells into
the inflammatory area initiated a series of re-
actions when the cells came in contact with a
specific antigen. The cells became swollen and
released a biologically active substance which
produced a chemotactic response from the eosino-
phils.
Perhaps the presence of increased numbers of
basophils and eosinophils in the skin windows of
patients with recurrent furunculosis as well as in
patients with "open" skin lesions when living
as well as killed suspensions of staphylococcus
were used as the "antigens" reflects n similar
underlying allergic mechanism. The lack of such
responses in these same patients when the purified
polysaccharide antigen prepared from the same
strain of staphylococcus was used, indicates that
the polysaccharide portion of the organism is not
the responsible allergenic substance in this reac-
tion.
It is of interest to note that the reaction pattern
in one of our controls who initially showed a pre-
dominantly mononuclear response with very few
or no basophils and eosinophils in the cellular
exudate when living staphylococci were intro-
duced in the skin windows, changed after repeated
window experiments using the same strain of
living cocci as the inoculum. The cellular response
in his later windows showed a definite increase
in the numbers of both basophils and eosinophils
similar to that seen in the majority of the patients
with furunculosis. Also, soon after this change he
developed funmcles. It is logical to assume that
a person's skin known to be resistant to bacterial
infection may possess a more efficient de-germing
capacity than the skin of a person who is sus-
ceptible to such infection. Perhaps it is this
capacity alone which inhibits the proliferation
and thus facilitates the removal of the introduced
bacteria and this in turn influences the type of
cellular exudate in the windows. The factor
which eventually changed this same individual
from a pyogen-resistant to a pyogen-susceptible
one after repeated exposure to the staphylococci
is not known. Perhaps a hypersensitization reac-
tion is involved.
Other than their possible role in the antigen
antibody reactions, it has been suggested (28)
that the mast cells play a role in phagocytosis.
It is known that histamine favors phagocytosis
and basophils contain histamine. It is possible
that the basophils migrate to the site of inflam-
mation in order to facilitate the phagoeytosis of
the substance introduced at the window site.
On the other hand, increased heparin concentra-
tion in vitro was shown to diminish phagoeytie
activity of the rat neutrophils (29). Basophils
have also been shown to contain heparin (30).
Barnhart and Riddle (31) have demonstrated
the localization of profibrinolysin in the eosino-
philic leukoeytes. Thus, eosinophil migration
could be serving the same purpose as the baso-
phils, each one of which contains an important
anticoagulant, heparin in the case of the baso-
phils and fibrinolysin in the ease of the eosino-
phils. Also, eosinophils are known to have
antihistamine and antiheparin activity. Instead
of assisting the basophils in the anticoagulation
effect, their presence could be a physiological
response on the part of the body to neutralize the
effect of the basophil granules at the site of in-
flammation.
The cell types (whether it is basophil or eosino-
phil or both) in the exudate vary with the "anti-
gens" employed in the window experiments.
Probably, other factors, such as the constitutional
makeup of the individuals, the type of allergic
reaction (whether it is immediate or delayed),
also play a part in modifying its reaction. A
thorough investigation along these lines is neces-
sary before attempting to understand the imder-
lying mechanisms which are involved. Further
study is in progress.
SUMMARY AND CONCLUSIONS
1. The Rebuek human skin window technic
was utilized to study the cellular response to
suspensions of a strain of staphylococci and a
purified polysaecharide antigen prepared from
the same strain of staphylococci. These experi-
ments were done in patients with furuneulosis,
in patients with various dermatoses and in normal
controls.
2. A higher incidence of basophilie and/or
eosinophilic response was observed in patients
with furuneulosis and "open" skin lesions.
3. The basophilic and eosinophilic response
was elicited only when suspensions of the whole
cocci, living or killed, were used as the inoculum
in the skin windows.
4. In striking contrast, in a similar group of
patients, application of a purified polysaeeharide
antigen prepared from the same strain of staphy-
lococci failed to elicit a basophilie and/or eosino-
philie response.
5. The possible role played by the basophils
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and eosinophils in the hypersensitivity reaction
is discussed.
6. It is proposed that possibly the basophilie
and eosinophilie response following exposure of
skin to staphylococci represents one manifesta-
tion of hypersensitivity reaction to the organisms.
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DISCUSSION
DR. RUDOLF L. BARR (New York, N. Y.): In while in the blister fluid of primary irritant re-
support of the work of Dr. flu and her eo- actions there is no such increase. This would
workers, I think that it is worth mentioning that point in the same direction as the work of Dr. flu,
Aspergren, Fregert and Rorsman (unpublished namely, that delayed hypersensitivity reactions
studies) in Sweden recently have shown that are associated with an increased incidence of
the blister fluid in allergic contact sensitivity basophils.
shows a very significant increase in basophils,
